Abstract-This paper presents a design scheme of control system for a small fixed double propulsion unmanned surface vehicle (USV). The system is based on MOOS-IvP star topology, with distributed and modular features. The system integrates the sensor module, the propeller module, the data recording module and the control module. The Autonomous Navigation of USV is achieved successfully by using the heading control method based on PID. Simulink simulation and lake experiment verifies its effectiveness.
INTRODUCTION
Unmanned Surface Vehicle (USV) is a new type of Surface Vehicle (USV) is a new type of ocean robot [1] USV has a higher precision of navigation with the use of high precision sensors and controllers, so it has more obvious advantages than manual operation of ship in the task of high precision of information gathering and chart making [2] . Unmanned boat includes a self-contained unmanned boat with autonomous planning, autonomous navigation, autonomous environmental perception, and a remote-controlled unmanned boat and autonomous semi-autonomous people who sail and perform tasks according to built-in procedures Boat [3] .
MOOS-IvP distributed structure provides a great convenience for the development of marine robot control system. MOOS is an abbreviation for "Mission Orientated Operating Suite" written by Paul Newman in 2001 [4] . More and more AUV / USV use this open source control architecture. MOOS is a star topology, MOOSDB is the center of the control architecture, responsible for information storage and forwarding [5] . MOOSDB is surrounded by various functional modules. MOOSDB is equivalent to the server, and each function module is equivalent to the client. Figure 1 is the MOOS extension structure diagram. MOOS use the mode of backseat driver, the media idea is to separate the controlling and automation of the vehicle. The vehicle control system runs on a platform's main vehicle computer and the autonomy system runs on a separate payload computer. The vehicle manufacturer provides a navigation and control system capable of streaming vehicle position and trajectory information to the main vehicle computer, and accepting a stream of autonomy decisions such as heading, speed and depth in return [6] . The relationship is depicted in Figure 2 .
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The client communicates with MOOSDB via mail. The client issues the information to MOOSDB as a variable-variable value. Information is obtained by subscribing to the variable name of the required information for the MOOSDB. The client receives the message at a certain frequency, and the message contains the subscription information. The client do not communicate directly between, must pass MOOSDB this intermediate platform. This approach effectively prevents the impact of poor client on high-quality client.
IvP is an abbreviation for "Interval Programming", which is mainly used to solve multi-objective optimization problems. IvP Helm is similar to other function modules and is also a MOOS process [7] . The IvP Helm applied to the MOOS module is called pHelmIvP. Helm is equipped with two filesthe behavior file and the task file. Sensor information, command and control inputs flow into Helm, Helm generates commands to manipulate robots while active behavior generates state information, as shown in Figure 4 . Fig.4 the application of pHelmIvP The paper consists of the following parts: the second part introduces the USV control system; the third part is the hydrodynamic analysis of USV; the fourth part describes the USV autonomous navigation; the fifth part is MATLAB simulation and the experiment results; the final part is the conclusion.
In this paper, we study large-scale network survivability association based on the complex system characteristics, and construct survivability association model based upon the Pair Set Analysis (PSA) theory. The structure is organized as follows: Section 2 presents large-scale network survivability association structure model, and describes the natures of survivability association structure. Section 3 establishes large-scale network survivability association function based upon PSA theory, and performs case study. Finally, Section 4 concludes the paper and points out further work.
II. CONTROL SYSTEM
The architecture of MOOS-IvP processes the feature of modular. The USV control system is equipped with sensor module, propeller module, data logging module, control module. Modularity makes the system more simple and easy to modify. The control system of USV consists of hardware systems and software systems.
A. The Hardware System
The hardware system of USV includes a master computer, a propeller control unit, a propeller, a GPS, an electronic compass, a radio station, a wireless bridge, an underwater acoustic communication, and a battery unit. The host computer uses the ARK-3500 embedded industrial computer as the main control computer, supports the Linux and the Windows operating system, has 6 USB interfaces, 8 serial interfaces and two Lan ports. The host computer uses the Linux operating system. The propeller provides power for USV. The heading and speed of USV is changed by tuning the speed of the left and right propeller. The propeller control unit generates a PWM wave that changes the speed of the propeller by adjusting the duty cycle of the PWM. GPS measured USV latitude and longitude, coordinates, speed and temperature and other information. The electronic compass counts the USV's heading. Wireless bridges and radio stations are used for short-range and long-distance data communications, respectively. Underwater acoustic communication unit is used for communicating and ranging.
The battery unit powers the entire USV control system. The hardware system structure is shown in Figure 5 : 
B. The Software System
The USV control system includes a sensor module, a propeller module, a navigation module, a motion control module, a data recording module, and a device initialization module. The device initialization module initializes the sensors and other devices. The sensor detects the location, heading information and sends it to MOOSDB. The data logging module subscribes to the sensing information and recording it and mission file. The navigation module acquires and filters the sensing information. The intelligent decision module reads the mission file, subscribes to the sensor information to the MOOSDB, obtains the USV real-time status information, makes the decision and sends the decision information to the MOOSDB. The motion control module adopts the PID control method. The bottom propeller obtains control instruction information and executes. The software system structure is shown in Figure 6: Fig6. the software system of USV III. DYNAMIC OF USV Unmanned boats can be divided into tail and double push type according to the different way of propulsion. The rear rudder type is a combination of the propeller and the rudder. Common combinations are single-propeller-single-rudder (SPSR) and double-propeller-double-rudder (DPDR). The mathematical model of DPDR can be obtained by the model of SPSR and ship model test [8] . Double propulsion type uses two propellers, including fixed and rotatable. Fixed type adjusts the heading by the speed difference of two propellers. Rotatable type adjust heading by the speed difference and the direction of propellers. The paper uses a fixed double propulsion unmanned surface vehicle, as shown in Figure 7 Fig7. The 3d model of USV Considering only the horizontal motion of the USV, the external force acting on the USV is represented separated, the equation of motion of the ship can be expressed as: are the left and right propeller thrust coefficients, given by the empirical formula; The two propellers have the same structure, symmetrical installation. At the same time under the action of the hull movement control force:
is the normal thrust derating coefficient in the x-direction of the moving coordinate system, and
is the influence coefficient of the propeller on the transshipment torque, which can be given by experiment. is the distance of the propeller from the bow stern line, as shown in 
IV. HEADING CONTROL OF USV
The forward movement and heading adjustment of the unmanned surface vehicle are dependent on the speed of the left and right propeller, so the coupling brings difficult for the USV manipulation. Common heading control methods of USV are PID control, fuzzy PID control, sliding mode control, and so on. The paper uses PID control to realize heading control.
The process of USV heading control based on MOOS-IvP control system is as follows: First, the equipment is initialized, the sensor works and sends the sensing information to MOOSDB, the pNav module subscribes to the sensor information and filters it. The pLogger module starts recording data. The pHelm module reads the mission file and sends the desired heading to MOOSDB. The pMarinePID module subscribes to the desired heading information and the current actual heading information of USV, and sends the propeller control command to the MOOSDB via the PID algorithm. The propeller control module subscribes to the control command and converts it into a specific propeller rotation command, which is sent to the propeller control unit via the serial port. The heading of USV is adjusted by adjusting the speed of the two propellers. The concrete realization is as follows: The performance of the two propellers is different. There is a deviation in the horizontal direction of the center of gravity. So it is necessary to find the speed of two propellers and to achieve the straight line movement of USV. The difference between the desired heading and the actual heading of the USV is taken as the input of the PID control algorithm, and the output of PID is the amount of change in the speed of USV. For ease of control, the left propeller speed is fixed and the right pusher speed is n_s+δ. δ is calculated as follows:
Where and are proportional, integral and differential gain. The three coefficients are configured in the "Mission.moos" file. Figure 10 is the diagram of PID control. V. EXPERIMENT In order to verify the stability of the control system and the control effect of the heading controller, the experiment was carried out in Hangzhou Qiandao Lake. The trial includes movement with fixed heading and fixed position
A. Fixed Heading
Directly give a desired heading of 240 degree. The heading control effect of USV is shown as Figure 11 . The red line indicates the desired heading of USV. The blue line indicates the actual heading of USV. As can be seen from the diagram, the difference between the desired heading and actual heading is small.
B. Fixed Position
The GPS coordinates of the starting point and target pint is set in the mission file. The desired heading is calculated according the two coordinate. The test result is as follows: The red line indicates the heading of USV, which is still changing when the coordinate of USV is changed. Experiments show that the heading controller still has a good tracking effect on the changing course. Figure 12 shows the result of the experiment of fixed position and fixed heading.
Fig12. The result of experiment.
VI. CONCLUSION
The paper presents a MOOS-IvP-based control system, which has distributed and modular characteristics, and introduces the control system of the hardware system and software systems. The system is stable, low power consumption, and adapt to long hours of work. This paper introduces the hydrodynamic analysis and its dynamic equations of unmanned surface vehicle. The heading control of fixed double propulsion unmanned surface vehicle is based on PID control. The heading of USV is controlled with one side of two propellers speed is fixed and another speed is changed. PID control method is simple and practical which have good control effect. The result of experiment proves the validity of the PID heading controller. 
